Background Octogenarians constitute an increasing proportion of patients presenting for non-emergency percutaneous coronary intervention (PCI). Methods This study evaluated the in-hospital procedural characteristics and outcomes, including the bleeding events of 293 octogenarians presenting between January 2010 and December 2012 for non-emergency PCI to a single large volume tertiary care Australian center. Comparisons were made with 293 consecutive patients aged less than or equal to 60 years, whose lesions were matched with the octogenarians. Results Non-ST elevation myocardial infarction was the most frequent indication for non-emergency PCI in octogenarians. Compared to the younger cohort, they had a higher prevalence of co-morbidities and more complex coronary disease, comprising more type C and calcified lesions. Peri-procedural use of low molecular weight heparin (LMWH; 1.0% vs. 5.8%; P < 0.001) and glycoprotein IIb/IIIa inhibitors (2.1% vs. 9.6%; P < 0.001) was lower, while femoral arterial access was used more commonly than in younger patients (80.9% vs. 67.6%; P < 0.001). Overall, there was a non-significant trend towards higher incidence of all bleeding events in the elderly (9.2% vs. 5.8%; P = 0.12). There was no significant difference in access site or non-access site bleeding and major or minor bleeding between the two cohorts. Sub-analysis did not reveal any significant influence on bleeding rates by the use of LMWH, glycoprotein IIb/IIIa inhibitors or femoral arterial access. In addition, there were no significant differences in the rates of in-hospital mortality, stroke or acute stent thrombosis between the two groups. Conclusions In this single center study, we did not observe significant increases in adverse in-hospital outcomes including the incidence of bleeding in octogenarians undergoing non-emergency PCI.
Introduction


The very elderly, defined as ≥ 80 years, represent an increasing population presenting for left heart catheterization and percutaneous coronary intervention (PCI), yet they remain an under-represented group in prospective clinical trials of PCI. [1] One of the most frequent and important complications from PCI procedures remains bleeding. [2] The risk of this has become accentuated with the use of anti-platelet and anti-thrombotic agents designed to improve ischemic outcomes after angioplasty and stenting. Post-PCI bleeding is most commonly access-site related, although the risk of other types of major bleeding (e.g., gastrointestinal, central nervous system) is also increased after emergency and non-emergency PCI. [3] Importantly, the occurrence of bleeding remains an important predictor of short and longterm mortality in PCI patients. [4] Such concerns regarding post-PCI bleeding and its implications have led to the development of bleeding risk scores such as the integer-based bleeding risk score, [4] the CRUSADE bleeding risk score, [5] and the National Cardiovascular Data Registry (NCDR) bleeding risk score, [6] designed to identify patients at increased bleeding risk and guide PCI strategy (including the use of blood-thinning agents) accordingly. All these scoring systems take into account increased age as an independent predictor of bleeding outcomes.
There is a paucity of data on bleeding outcomes after non-emergency PCI in the very elderly, as many trial protocols exclude this age group. In light of this, we set out to interrogate the patient, lesion and procedural characteristics http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology as well as short-term outcomes, inclusive of bleeding, in octogenarian patients receiving non-emergency PCI, in a large volume centre in a real-world setting.
Methods
Patient population
All consecutive non-emergency PCI procedures (defined by those who did not require PCI within 24 h of presentation) in patients aged ≥ 80 years, at Monash Medical Centre (Clayton, Victoria, Australia) from January 2010 to December 2012, were eligible to be included for analysis. Two hundred and ninety-three very elderly patients were identified and further sub-classified by their mode of clinical presentation as either non-ST elevation myocardial infarction (NSTEMI), unstable angina, stable angina or silent ischemia. We compared these patients with a lesion matched control group composed of two hundred and ninetythree consecutive patients, aged ≤ 60 years or below undergoing non-emergency PCI during the same time period. Patients requiring emergency PCI, including those presenting with cardiogenic shock, STEMI, or ventricular arrhythmia (ventricular fibrillation or ventricular tachycardia) were excluded from analysis.
Procedure and data collection
All data were collected by consulting our institutional PCI database into which details were entered prospectively along with the patient case records. The data collected included baseline and procedural characteristics and in-hospital outcomes comprising angiographic and procedural success, bleeding events, stent thrombosis, peri-procedural myocardial infarction (MI), cerebrovascular accidents (CVA) and death. In addition, we retrospectively determined the predicted bleeding risk for all patients based on the updated NCDR bleeding risk score. [6] Though it was our departmental policy to evaluate the bleeding risk pre-procedure, the tool used was at the discretion of the individual operators.
All interventions were performed according to the practice guidelines for PCI at the time of enrolment. All patients received at least 100 mg of aspirin and a loading dose of either clopidogrel 300 to 600 mg, or ticagrelor 180 mg or prasugrel 60 mg before or during the procedure. Heparin (70100 units/kg) was administered at the beginning of the procedure. Administration of glycoprotein (GP) IIb/IIIa inhibitors was at the discretion of the operator. After the intervention, all patients were prescribed aspirin 100 to 150 mg/day and either clopidogrel 75 mg/day, or ticagrelor 90 mg twice daily or prasugrel 5 mg once daily for at least 12 months.
Definitions
The very elderly cohort comprised patients aged  80 years and the young cohort patients aged  60 years. Patients included for evaluation were further identified based on their mode of presentation either with NSTEMI, unstable angina or chronic stable angina. Unstable angina was diagnosed if no biomarker was detected in the blood stream at least 6 h after the initial onset of ischemic chest pain with one or more of three principal presentations: (1) rest angina (usually lasting > 20 min); (2) new-onset (< 2 months previously) severe angina, and (3) a crescendo pattern of angina (increasing in intensity, duration, frequency, or any combination of these factors). Patients were diagnosed as having NSTEMI based on elevations in cardiac biomarkers [cardiac-specific Troponin I or muscle and creatine kinase MB fraction (CK-MB)] with one or more of the three principal presentations mentioned above with or without electrocardiographic changes of ST depression and/or prominent T-wave inversions. Patients with angina on effort of duration more than three months not responding to optimal medical therapy and presenting for PCI were classified as those with chronic stable angina.
Multi-vessel disease was defined by the presence of a > 50% lesion in > two major coronary arteries. Renal failure was defined as an estimated glomerular filtration rate (eGFR) < 60 mL/min per 1 [7] The bleeding risk of each patient was evaluated retrospectively using the updated bleeding model to predict the risk of post-procedure bleeding among patients undergoing PCI from the NCDR CathPCI registry. [6] According to this, for each patient the presence or absence of several variables inclusive of age, body mass index, previous PCI, chronic kidney disease, gender, hemoglobin, indication of the procedure and hemodynamic status of the patient on presentation were scored. Patients with a score of < 25 were considered to be in the low risk category, those with scores between 25 and 65 were considered to be of intermediate risk and those with a score > 65 were considered to be at high risk for bleeding. The updated NCDR bleeding risk score was chosen as, unlike the other bleeding risk scores, it was Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com developed from patients undergoing elective PCI rather than including those who had an urgent, emergency or salvage PCI. [6] Several studies have shown that the rate of bleeding is dependent on the definition used. [8] We utilized the standardized Bleeding Academic Research Consortium (BARC) definition to classify the severity of bleeding events observed. [9] Minor bleeding was defined by BARC type 1 and 2 and major bleeding was defined by BARC type 3, 4 and 5.
Angiographic success was defined as < 20% residual stenosis in the target lesion. Procedural success was defined as angiographic success without in-hospital major complications such as death, MI, CVA, and emergency coronary artery bypass surgery (CABG). Major adverse cardiac events (MACE) were defined as death after PCI, emergency revascularization (either with CABG or repeat PCI), and nonfatal MI. MI was defined as the presence of at least two of the three following criteria: ischemic symptoms; elevation of troponin (> 5 × 99 th percentile upper reference limit) in patients with normal baseline values or a rise in troponin values > 20%, if the baseline values were elevated and stable or falling; or new electrocardiographic changes compatible with MI. Death was defined as all-cause mortality. CVA was defined by onset of persistent loss of neurological function caused by an ischemic or hemorrhagic event either during or after PCI.
Statistical analysis
Baseline risk factors, clinical characteristics, clinical presentation, angiographic and lesion characteristics, procedural characteristics and in-hospital procedural outcomes and bleeding outcomes were compared between the very elderly and the young cohort. Categorical variables are expressed as number and percentages and continuous variables as mean ± SD. Categorical variables were compared with a chi-square test and continuous variables were compared with Student's t test. Bleeding outcomes were also analyzed among several sub-groups based on use of Low Molecular Weight Heparin (LMWH), GP IIb/IIIa inhibitors, and type of peripheral arterial access and were compared between the two groups being studied. A P value of < 0.05 was considered statistically significant. All statistical analysis was performed using SPSS software (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp).
Results
The two groups comprised 293 patients each. Their baseline clinical characteristics are presented in Table 1 . The mean ages of the two groups were 83.8  3.4 and 51.5  6.0 years, respectively. The octogenarian group contained a higher proportion of females (45% vs. 15%; P < 0.001), and had a higher baseline prevalence of renal impairment, reduced LV function and prior CABG. Notably, there were no significant differences between the groups in terms of mode of clinical presentation, with NSTEMI being the commonest form of presentation, followed by chronic stable angina and unstable angina. Baseline procedural characteristics were as summarized in Table 2 . As described above, the two groups were matched for lesion coronary artery site, with the left anterior descending artery (LAD) being the most commonly treated vessel. The very elderly group had higher prevalence of single vessel disease, calcified lesions and type C lesions and a higher rate of rotational atherectomy use. Conversely, the younger cohort more often had multi-vessel disease, and underwent PCI to treat bifurcation lesions or chronic total occlusions (CTO). Other notable differences between the http://www.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology two groups were that more patients in the younger group received peri-procedural LMWH, GP IIb/IIIa inhibitors and had radial artery peripheral access. Notably, the overall use of GP IIb/IIIa inhibitors in this non-emergency PCI setting was low (2.1% vs. 9.6%; P < 0.001). With regard to the use of oral antiplatelet agents, our institution had only just begun to utilize the newer agents ticagrelor and prasugrel by the end of the study inclusion period and therefore the use of both medications was low, although ticagrelor was used more commonly in the elderly patients than their younger counterparts. Use of drug eluting stents (DES) versus baremetal stents (BMS) did not differ significantly between the two cohorts, with overall use of DES being in the order of 70%80%. The stent length (24.7  12.8 vs. 26.7  15.9 mm) was greater in the younger population. The procedural and in-hospital adverse outcomes of the very elderly in comparison with those of the younger population are presented in Table 3 . There were no statistically significant differences between the very elderly and young cohorts in terms of overall procedural success (elderly 75.0% vs. young 81.0%) which was mainly influenced by periprocedural enzyme elevation (19.5% vs. 16.4%), in-hospital death (1.0% vs. 0.3%), CVA (0 vs. 0), and stent thrombosis (0 vs. 0). However, contrast-induced nephropathy was more common in the very elderly (12.0% vs. 7.0%; P < 0.05).
The bleeding outcomes between the two cohorts and their NCDR bleeding risk scores are shown in Table 4 . A significantly higher proportion of the very elderly were classified as having a high risk of bleeding as per the updated bleeding NCDR score (NCDR score > 65: 61.0% vs. 4.1%; P < 0.001). Although the mean NCDR score in octogenarians was 69.3 ± 18.4 compared to 32.3 ± 16.6 in the younger cohort, the incidence of all observed bleeding events was not statistically different between the two groups (9.2% vs. 5.8%), nor were there significant differences for major bleeding rates (2.0% vs. 1.3%) and minor bleeding rates (7.2 % vs. 4.5%). Despite trends toward higher bleeding rates in the very elderly in specific subgroups, statistical comparisons between the elderly and the young were not significant for bleeding in patients who received LMWH (25.0% vs. 5.9%), GP IIb/IIIa inhibitors (16.7% vs. 12.0%), or among those whose access site was femoral (10.1% vs. hospital stay was 4.4 days in the very elderly compared to 3.3 days in the younger cohort (P < 0.01). Neither univariate nor multivariate analysis identified any predictors of bleeding in elderly patients (Table 5 ).
7.6%) or radial (5.4% vs. 2.1%). The mean duration of
Discussion
This study represents a single center, real-world experience of in-hospital and bleeding outcomes in octogenarians undergoing non-emergency PCI. Our study shows that although the bleeding risk as defined by validated scoring systems is higher in this complex subset of patients, bleeding outcomes in comparison with those less than sixty years were not significantly different. Our results indicate that non-emergency PCI in octogenarians can be performed effectively and safely.
Octogenarians constitute an increasing proportion of patients presenting for PCI for stable angina and acute coronary syndromes. [10] By comparison to optimal medical therapy, revascularization of coronary artery stenoses in the very elderly has been shown to translate to better absolute reduction in all-cause mortality compared to the younger cohort (11.0% vs. 1.8%). [11] Despite this, elderly patients, particularly those with multiple co-morbidities, are poorly represented in clinical trials and several studies have reported that the use of invasive cardiac procedures declines as patients get older. [12] [13] [14] There may often be reluctance from clinicians to use an invasive strategy to treat coronary artery disease in the very elderly due to a perceived higher risk of complications. [15] Recently, a randomized controlled multicenter trial (After Eighty Study) found a significant reduction in a composite clinical endpoint when octogenarians with acute coronary syndrome were managed with an early invasive strategy rather than by conservative medical management. [16] Elderly patients in our study had more co-morbidities compared to the younger cohort, which is consistent with several previous studies.
[ [17] [18] [19] [20] We found that more octogenarians treated with PCI were women, had prior CABG, renal disease, and abnormal left ventricular function, whereas more patients in the younger cohort were smokers, had a positive family history and were obese.
Procedural and bleeding outcomes in the very elderly
Age is an important predictor of procedural outcome after PCI. Batchelor et al. [17] evaluated the outcome trends in the elderly after PCI and showed that there was a declining trend in major adverse events during their four-year study period among octogenarians, though their procedural success rates (84.0% vs. 89.0%; P < 0.001) were relatively lower and major adverse cardiac events (4.9% vs. 1.9%; P < 0.001) relatively higher compared to younger patients.
Bleeding events are common and have been reported to occur in 2.2% to 14% of patients undergoing PCI. [17, 21, 22] These events have been associated with increases in shortand long-term mortality, nonfatal MI, stroke and length of hospital stay. [17, [21] [22] [23] [24] [25] [26] [27] Factors which predict bleeding complications include age, mode of presentation, and comorbidities such as renal disease and congestive heart failure. [28, 29] In our study, there was no significant difference in overall bleeding rates, major and minor bleeding between the two groups being studied. This could be for several reasons. Firstly, our study was done on patients presenting for non-emergency PCI. Several risk algorithms evaluating post-PCI bleeding clearly indicate that the risk of bleeding is higher after an emergency PCI (e.g., for STEMI) compared to non-emergency PCI. Secondly, as per hospital protocol, the use of bleeding risk score was encouraged for all PCI procedures though the tool used was left to the operator's discretion. It has been shown previously that pre-procedural estimation of bleeding risk may reduce bleeding complications after PCI, especially for patients considered intermediate or high risk. [30] Thirdly, LMWH and GP IIb/IIIa inhibitors were used less frequently in our study in octogenarians. Finally, as with most previous studies evaluating octogenarians, the possibility that our small sample size resulted in the observed statistical non-significance cannot be excluded. Thus, we believe that with appropriate case selection as described above, non-emergency PCI can be performed in the very elderly with bleeding rates comparable to the younger population. Also, there was no significant difference in bleeding rates between old and young cohorts even among subgroups receiving LMWH or GP IIb/IIIa inhibitors. Although this statistical non-significance may have been due to small study numbers, lower than expected bleeding rates have also been reported by other investigators in the setting of vigilant anticoagulant use. [23] Although the overall usage of radial access was relatively low in our study, especially in the very elderly (19.1% vs. 32.4%), there was no significant difference between the overall bleeding and access-site bleeding rates between old and young. Moreover, in subgroup analysis, bleeding was not significantly different between the young and old for either radial or femoral approach, although once again this may have been influenced by relatively small sample sizes. Although radial artery access has been found to be associated with a significant reduction in access site bleeding, it is still being less frequently implemented in patients who are at higher risk of such complications. [31] Trans-radial catheterization in the elderly may be difficult because of a higher incidence of radial and brachiocephalic trunk tortuosity or stenosis of the upper limb artery in these patients. [32] Also heavier calcification burden, more advanced atherosclerosis and tortuosity of the aorta and subclavian arteries may make trans-radial procedures in the elderly challenging. [33] These technical challenges encountered during the radial approach may discourage interventionists from adopting it. [34] It remains to be seen if the greater implementation of trans-radial access for PCI, along with use of newer anti-thrombotics (e.g., bivalirudin) which may have different safety profiles, further affects bleeding outcomes in this group of patients.
It has been previously reported that access site injury, stroke and mortality are higher in octogenarians than those < 60 years after emergency PCI. [20] However, in our study stroke, bleeding rates, and mortality after non-emergency PCI were not significantly different between the two groups. Our data support the findings of the After Eighty Study in which no significant differences in stroke and mortality rates were observed between those elderly patients who had an early invasive strategy or conservative non-invasive approach to their management. [16] These data indicate that anxieties about referral of elderly patients for PCI due to concerns about complications may be overstated, and suggests that timely intervention in these patients would offer
Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com benefits which would potentially outweigh the risks secondary to the procedure. It reassures that invasive management can be done in octogenarians without compromising safety. [35] This is especially so, as although octogenarians present with a higher risk profile, they paradoxically have been shown to have a greater absolute risk reduction with revascularization compared to younger patients. [36] In summary, there may be ongoing perception that PCI in the very elderly should be deferred because of co-morbidities and predicted high rates of adverse outcomes. The published data indicate that elderly patients have a greater risk reduction from revascularization than do younger patients. Many of the treatment modalities have been evaluated in younger patients in clinical scenarios that are not altogether representative of real-world scenarios, where the very elderly represent a significant and growing proportion of our interventional cases. Our data show that despite co-morbidities and high predicted bleeding scores, low bleeding rates and overall satisfactory short-term outcomes can be achieved in the very elderly in real-world PCI practice. We suspect that judicious use of bleeding score systems to rationalize the use of certain blood-thinning medication helps to keep bleeding rates at an acceptable level. Our cohort represents a distribution of non-emergency PCI cases, with a good representation of early PCI procedures for NSTEMI and unstable angina [acute coronary syndrome (ACS)] and also for elective stable angina. Acknowledging the important limitations of small sample size and retrospective analysis, our data indicate that elective and ACS-PCI can be performed with similar bleeding outcomes and adverse events in the very elderly as with the young, despite the very elderly having complex lesion characteristics.
Study limitations
Firstly, this is a single center, retrospective study, investigating a relatively small sample size. Secondly, the bleeding episodes were site-reported which might result in underestimation of actual bleeding rates. Thirdly, it is possible that patients with elective PCI may have been discharged early before recognition of bleeding complications. Fourthly, as with any retrospective analysis, there is a potential for unmeasured confounders. Randomized controlled trials addressing bleeding outcomes in the very elderly population are needed in the future. Also, we could not account for the sheath size, time when the sheaths were removed, duration of manual compression, or use of vascular closure device, each of which has the potential to influence post-procedural bleeding. Finally, the current study has not reported longterm follow-up data.
Conclusion
In this single center study we did not observe significant increases in adverse in-hospital outcomes including the incidence of bleeding in octogenarians undergoing non-emergency PCI. This confirms that PCI in this at risk cohort has an acceptable safety profile.
